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Abstract 
We have investigated photoluminescence (PL) properties of -FeSi2 nanocrystals in Si crystals. The PL spectrum 
could be separated into three major A, B and C bands and some minor bands. The B and C band (side band) spectra 
with a Gaussian function shape could be deduced from subtraction of the A band spectra with a Lorentzian function 
shape from the whole PL spectrum observed. It was found that the temperature dependence of the C band emission 
was quite different from that of the intrinsic band (A band) emission which follows a Varshini empirical formula.  
The C band emission may be originated from two competition processes which are switched at 70 K. 
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1. Introduction 
Ion-beam synthesis (IBS) enhances precipitation of -FeSi2 nanocrystals with a coherent and less 
defective interface with Si(111) crystal planes [1,2]. The nanocrystal is better for application to light 
emitters than other morphologies, because it is best suited for enhancement of the intrinsic A band 
emission at 0.802-0.805eV, 10K with smallest effects of side band emissions (such as the B band at 
~0.84eV and the C band at ~0.77eV) [2]. Among their PL bands, PL properties of C band has not yet been  
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investigated well. In this study, we have investigated temperature dependence of the C band emission and 
discussed its different property from the A band emission. 
2. Experiment 
The IBS process consisted of ion implantation and thermal anneal using a rapid thermal anneal (RTA) 
method. Mass separated 56Fe+ ions at 200 keV were implanted by dose of 17101 ions/cm2 into Si(100) 
wafers. The implanted Si wafer set in a vacuum was annealed at 800oC for 2~16h in order to form the 
nanocrsytals. The photoluminescence was exited with a 488nm-Ar＋ ion laser and measured with a 
monochromator and a LN2 cooled Ge pin photodetector. 
3. Results and discussions 
Figure 1 shows a typical PL spectrum of the nanocrystals with a sharp peak (a narrow width) at the 
apparent peak energy of 0.804eV at 8 K. The PL spectrum observed at temperatures from 8 to ~150 K 
showed a uniform shape change and could be separated into three spectrum components named by A, B 
and C bands. Using the following equation (1), we can make the best fitting of the whole PL spectrum. 
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where Ep is the peak energy,  and  characteristic widths respectively for the Lorentz and Gaussian 
functions. This Eq.(1) teaches us that the B and C side band spectra were deduced from subtraction of the 
A band with a Lorentzian function shape from the whole spectrum. Figure 2 shows some PL band spectra 
deduced from subtract between spectra. The B and C band peaks were located at 0.833 and 0.772 eV, 
respectively and minor bands were located at 0.865 and 0.913 eV.  
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Fig. 1. A typical photoluminescence spectrum of -FeSi2 
nanocrystals with a coherent interface with Si(111) 
planes. The main part of spectrum can be separated into 
three bands; A at 0.804eV, B and C. 
Fig. 2. Side band spectra of B, C and some minor bands 
deduced from subtraction of the A band spectrum from 
the whole PL spectra. 
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Fig. 3. PL spectra with A, B and C side bands at 8, 40 and 100K. The PL intensity was normalized by that at 8K. 
Figure 3 shows PL spectra with major bands spectra at 8, 40, and 100 K. The peaks of A and B band 
spectra showed clear shifts to a lower energy (i.e. red shift), while that of C band did not show such a 
continuous red shift.  
Figure 4 shows the temperature dependence of the PL peak energy of the A band. This A band PL 
was found to be originated from radiative recombination between the indirect band-gap. This temperature 
dependence can be explained by the Varshini empirical formula [2]. 
 
)/()0()( 2 TTETE pp     (2) 
  
where  and  are characteristic parameters. In this -FeSi2 nanocrystal case, =2.56X10-4 eV/K and 
=300 K. These are almost the same to those of other crystal morphologies [2].  
Figure 5 shows the temperature dependence of the PL peak energy of the C band. It was found that the 
temperature dependence was quite different from that of the A band of Fig. 3. The apparent behavior of 
Fig.4 seems a transition between two independent energy levels. This behavior can be expressed by the 
following equation, 
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Using the Eq.(3), we obtained two energies at LpE = 0.772eV,
H
pE =0.763eV, Tc=70K, =8 K, and the 
transition energy cBTk 6 meV. The energy difference between the two energy levels was E=9 meV.  
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Fig.4. Temperature dependence of the peak energy of the A 
band (intrinsic band). The parameters of  and  in the Eq.(2) 
was obtained to be 2.56x10-4 eV/K and 300K, respectively. 
Fig. 5. Temperature dependence of the peak energy of the C 
band. The energy difference between two levels, E was 9 
meV. The critical temperature, Tc=70K was obtained from the 
Eq.(3). 
One of candidates as origin of the C band emission may be recombination from a band to some 
accepter impurity levels [3]. If the C band is related to the acceptor impurity level, the E may 
correspond to an energy difference of two acceptor levels. However, further studies are needed to 
determine the emission process. 
4. Conclusions 
We found the pronounced difference in temperature dependence of PL between the A and C bands. 
The origin of the C band emission is not clear. We are going to investigate the pumping power 
dependence of each PL spectrum to find other difference between the A and C band emissions. 
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